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Five 2-aryl-3-methylbutanoic acids were obtained, and subsequently 
— their derivatives of the ester type, thioesters, as well as amines. The 
compounds were synthesised during the reaction of acid chlorides with: 
alcohols, thioalcohols or amines. The chemical structure of the newly 
obtained derivatives was confirmed through elementary апа 
spectrophotometer FTIR analysis and spectroscopy of 'H-NMR. Their 
physico-chemical properties were examined, along with their fungicidal, 
insecticidal, acaricidal and herbicidal activity. It was found that he highest 
fungicidal activity characterised the derivatives of 4-nitrobenzyl 
2(3-chlorophenyl)-3-methylbutanoate and 4,6-dimethoxy-1.3.5-triazyn-2- 
-yl 2(3-phenoxyphenyl)-3-methylbutanoate. 


1. INTRODUCTION 


Aryl-alkylenecarboxylic acids and their derivatives show a high biological 
activity. Most of all, salts of these acids were widely applied in many areas of 
agriculture, herbicides and fungicides among other things [1-3]. Esters and 
other derivatives of the phenyl-alkylenecarboxylic acids turned out to be more 
effective herbicides or fungicides than the acids. Their higher biological 
activity is related to a better permeability through the outer epidermis of the 
green parts of plants [3-5]. The actual task for researchers who carry out the 
investigation of pesticides is to obtain new derivatives of aryl-alkylene acids, 
characterised by an increased biological activity at a smaller dose of the 
compounds, which could be used on a mass scale to protect agriculture 
factories. 

Well-known and mass-produced pesticides include, among others: in the 
group of insecticides, derivatives of phenyl- isopropylalkylenecarboxylic acids 
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— fenvalerate [a-cyanic-4-phenoxybenzyl 2(4-chlorophenyl)isovalerate] [7,8], 
mawrik ^ [a-cyanic-4-phenoxybenzy| ^ 2(4-trifluoromethyl-2-chlorophenyl) 
isovalerate]; in the group of systemic herbicides, derivatives of triazines 
-  sancap  [2,-bis(isopropylamino)-6-ethylthio-1,3,5-trazine]; ^ milogard 
[2-chloro-4,6-bis(isopropylamino)-1,3,5-triazine]; in the group of contact 
herbicides, derivatives of anilides - bexton [ 2-chloro-N-isopropylacetanilide] 
[5,6]. 

Pesticides representing various classes have in their structure a characteristic 
isopropyl group, which is largely responsible for the high biological activity of 
those compounds. Isopropyl substituent causes asymmetry of carbon atoms in 
the particles of the pesticides and a considerably higher activity of enantiomers 
R, compared to enantiomers S. The isopropyl group in question also influences 
the chemical changes of the particles in the plant-soil-water environment. They 
much more readily undergo different changes, such as hydrolysis, oxidation, 
and the resulting metabolites are sometimes several times more active 
biologically than the initial pesticide compounds. Moreover, in these 
compounds' the isopropyl group increases permeability through cell 
— membranes of various plants [5,6]. 

Much smaller amount of the pure usable form of the pesticides is needed 
than of pesticides from the phenoxyalkane acids group. For example, the dose 
of the pure usable form of fenvalerate amounts is approx. 60g per hectare of 
land surface area [8]. 

For many years an the Department of Organic Chemistry and Technology of 
MCS University investigations have been under taken way for finding some 
new organic compounds of potential biological activity [9-13]. Lately, we 
concentrated on the synthesis of esters, thioesters and amides derivatives of 
2-aryl-3-methylbutanoic acids. 


2. EXPERIMENTAL PART 


2-Aryl-3-methylbutanoic acids of a structure presented in scheme. At first, 
a convenient method was elaborated in order to synthesise the 
2-aryl-3-methylbutanoic acids using a number of reactions: bromation of 
aliphatic-aromatic hydrocarbons in the presence of UV radiation; treating 
potassium cyanide with the obtained benzene bromides; condensation of benzyl 
cyanides with 2-propyl bromide in potassium hydroxide and tetrabutylamonium 
bromide. 

After the separation and purification, they were hydrolyzed in a ethylene 
glycol solution of potassium hydroxide at the temperature of 140 °С for 
8 hours. Free acids were separated from the reaction mixture by adding a 10% 
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water solution of sulfuric acid. Raw acids were purified by means of silica gel 
chromatography, using xylene - dichloromethane – ethyl alcohol mixture. 

The course of the reaction whitch produced the derivatives in question is 
represented in the general Scheme 1. 


X... CH-CH X... CH-CH 
N Br. \ KCN, EtOH 
„с. ен, ж Өч Nc сн. -вг Елі 


- HBr -KBr 
CH-CH CH-CH 
нус зен, 
К Sere CH 
He “сн. cw Meere one C LAS NS ЖДУ 
CH=CH ша CH=CH 
DN Р 6% 
X... CH-CH 
KOH, (-CH,OH),, Н,50, NA ЗН H—C-OH 
се mE / M 
CH=CH о 
нс „сн Hac, ена 
X... CH-CH X.. CH-CH į 
ЗОСІ. 
‚зо, 
CH=CH CH=CH 9 


X = 4-Br (No 1), 3-Cl (No 2), 4-СІ (No 3), 3-CsHsO (No 4) and 4-C;H50 (No 5). 


Scheme 1. Chlorides of 2-arylyalkylene acids were obtained in the reaction of the acids 
with an excess of thionyl chloride 


Esters, thioesters and amides derivatives of 2-aryl-3-methylbutanoic acids were 
synthesised in the reaction of corresponding acid chlorides with alcohols, 
thioalcohols or amines in the presence of triethylamine in benzene. 


Derivatives of 2-aryl-3-methylbutanoic acids with of the structure 
presented in Table 1. In a round bottom three-necked flask of 250 cm’. 
equipped with a mechanical stirrer, a thermometer and a dropping funnel, 
0.03 mole of alcohols, thioalcohols or amines and 3.0g (4.1 ml; 0.03 mole) of 
triethylamine and 50 cm’ of dry benzene was placed. While stirring the contents 
of the flask, a solution of 0.02 mole of a corresponding acid chloride was 
dropped into it in 100 cm’ of dry benzene during 30 minutes, keeping the 
temperature within the range of 18-25 °C. While carrying out the reaction, fine 
colorless crystals of triethylamine hydrochloride started to set out. 
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Tab. 1. Structure of derivatives of the 2-aryl-3-methylbutanoic acids (1a-5b) 


H,C CH 
" 3 “сн” 3 


ён-е-в 
о 


Molecular Molecular 
Formula Weight 
O(CH;);OPh*Br;-2,4,6 Cy HjgBr4O 
| Iib | 4-Br | O(CH;),OPhBr;-2.4.6 636.63 
[їс] 4Br | N[CH(CH;)C;H CHBrNO 376.74 
| lid | 4Br_| SCH;PhCI-4 Cy HjgBrCIOS 
N 
S Xo CigH;gBrNOS, 414.73 
OCH;Ph-NO;-4 СН, CINO; 347.80 
OCH;Ph-(OPh)-4 C4 H5CIO 394.90 
ee ай 
N[CH(CH3)C,H Cy 9HggCINO 
OCH,N(CO),Ph-1,2 СН, СІМО 355.83 
O(CH;),OphBr3-2,4,6 СН, gBr;ClO. 569.58 
O(CH;),OphBr;-2,4.6 C;4H;pBr4CIO 583.50 
O(CH;),OPhCI-2 CHClO. 367.14 
N[CH(CH;)C;H С,НзоСІМО 323.91 
SCH;PhCI-4 CisHj4 CLOS 353.18 
SCH;PhCI-2 CygH)gCl,OS 353.18 


3-CoHsO «X C3 H53N30; 


| 4b | З-С«Н.О OCH;N(CO);Ph-1,2 C4 H44NO 429.48 
З-С«Н.О O(CH;),OPhCI-2 С,;Н,СІО, 424.93 
4-С«Н.О OCH;Ph-(OPh)-3 452.56 


4-C6HsO ET Ca H3N30; 409.45 


| Sc | 4-CH,O | OCH>Ph(CH;))-4,6-(CH,Cl)-2 C4;H3CIO 436.98 
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After the whole amount of acid chloride was added to the reaction mixture, the 
whole was stirred for another 3 hours at a temperature of 35-45 °С. The crystals 
were filtered and washed with dry warm benzene. Then the solution was 
concentrated under diminished pressure while heating in the boiling water bath 
and, after it was cooled down to the temperature of 5 °С, the crystals were 
carefully filtered. The raw compound was purified by crystallisation from 
a mixture of xylene and cyclohexane or xylene and hexane. 

The yield of the reaction was determined, as well as the melting temperature 
of the synthesised derivatives, and their solubility in acetone, ethanol and 
water. In order to confirm the structure of the studied compounds, an 
elementary analysis was carried out along with the spectrophotometer FTIR 
analysis and spectroscopy of 'H-NMR. 

Newly obtained compounds were investigated at the Institute of Organic 
Industry in Warsaw with regard to their biological activity. The physiological 
activity of compounds mentioned above was studied against the insect, the 
Tetranychus urticae Koch, some plants and fungi [11, 14]. 


3. RESULTS AND DISCUSSION 


New organic compounds were obtained, type of esters, thioesters and 
amides derivatives of 2-aryl-3-methylbutanoic acids. The derivatives mentioned 
above were obtained as a result of syntheses shown in the Scheme 2. 


HC. „сн, Mies. CH, 
"em C——CH-C-Cl + H—R ЕЧЕН” HC C—CH-C—R 
CH=CH CH=CH 


Scheme 2. X and R presented in Table 1 


Data concerning the structure of these compounds, the yield of reaction, the 
melting point and their solubility in three basic solvents were presented in 
Tables 1, 2. 

The structures of the synthesised molecules of the derivatives of 2-aryl-3- 
-methylbutanoic acids are confirmed by a very good agreement of the results of 
elementary analysis and the calculated contents of C, H, N atoms and the 
presence of characteristic peaks of absorption bands in the spectres in infrared 
FTIR and the values of the magne tic proton resonance 'H-NMR. The results 
are presented in Tables 3, 4 and 5. 


288 B. Tarasiuk and W. Podko$cielny 


The discussed organic compounds are colourless substances of the melting 
temperature in the range of 29-100 °C. In the volume of 100 cm’ of solvent at 
temperature 25 °C they dissolve in amount of 0.5-14.0 g in ethanol, 9-80 g in 
acetone and only in trace amounts in water. These compounds, while having 
arelatively large molecule, and so large molecular weight (some 
320-630 g/mole) are characterised by a considerable solubility in acetone and 
ethanol. 

The biological research which was carried out testifies to a high or medium 
biological activity of the compounds in question. Derivatives of 
2-aryl-3-methylbutanoic acids showed no insecticidal or acaricidal activity. The 
most interesting activity was noticed in phytocidal screen using ten plant 
bioidicators. The data are presented in Table 7. 


Tab. 2. Yield of reaction, melting point and solubility of derivatives of the 2-aryl-3- 
-methyl-butanoic acids 


Melt. point 


m iR nt 
5555 


mme 
WM NEX 
mer emu 
98-99 | 16 | 
АЗ леш ая — 
[2:839 Ў. —329 7] 
Зра Г 17653 
ы 45530. | д8, з 
> el р 
| 5658 | 12 | 
[--4244- | 89 -— | 
| .3637- | 59: ml 
И 
[287230›2 spit рта 
| 295:4д6зси :u idsi 
i 3033 | A | 
р 1931589 с balocus 
50:31538. 2 |20 роц] 
о 2363802 212120,2 atl 
›Ьт35-3д ЦЬ В аі 
40230-40016 5. а! 
| 2934 | 19 | 
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Tab. 3. Elementary analysis of derivatives of the 2-aryl-3-methylbutanoic acids 


No Calculated [wt.%] Found [wt.%] 


ker Ree Seat Becr tees ав 
[1a Т 36.65 | 291 | . .|5t40*| 3641 | 305 |. |5101* 
[ 1b |3773 | 3.17 | 0289] 3798 зоў с | 50:82* | 
[ ic | 6058 | 803 | 372 | | 6068 | 789 | 351 | І 
poste: | 53:20 | 4.43 |- треб га: | 33:12. 104.586] Госць Ж е Tar | 
| te |5213 | 437 | 338 |1927*| 5201 | 451 | 2.98 | 19.03 | 


22 | 6246 | 522 | 403 | — | 6238] 5.121435 | І 
[- 2b | 7300 | 527 | . | вав. 7262 | 594 |. С 930 | 
[ac | 6655 | 593 | ола > | 6639 | 613| 973. | "ы — 
| 2d | 7046 | 934 | 432 | | 70.22 | 944 | 443 | — | 
[-2e “блі | зад 394 | ела 1-504 | 40 | — —] 
[—% | 4006 LE 318:] аса: [4032 15:238 Гаа 
[ 3b | мз зза | ^p 40а ee | 
[ 3c | 6216 | 549 | Tok 1934 | 6231 | 529 | ш 119.80 | 


14 | — (201 | 6141 | 502 | — |2031 

[3r | 6122 1-514 OEE 592011 | 6103 8290]. ШУ] 
| 4a |$6454| 566 | 1026 || І 64.31 | 579 | 997 | — | 
ere uae eR RTS Ree 
[ 4c | 70674.593 Бє: ЕСЕТ | 7051 зава | 86i | 
| Sa | геа зант re оста 
PI 


YW 
: 
E 
о 
A 
© 
so 
чә 
A 
: 
Ww 
Ww 
E 
e 
л 
© 
Y3 
о 
© 


ына eae | Cera] 
| 5b | 64.54 | 566 | 10.26 | [64.67 | 5.51 | 10.13 | 
Мы El баз | | NAE 


* Found for Br 


The highest phytocidal activity was confined to compounds No. 1b, 2a, b, c, 
5a and 5b. They were selected for evaluation in the screen for herbicidal 
activity. The results confirmed medium herbicidal activity of most of them. 
Chemicals No 4a, 4b and 5a caused symptoms similar to those produced by 
phenoxy-alkylene acids class of herbicides after pre- and post emergence 
applications. 

The compounds showed good and medium fungicidal potency against 
Erysiphe graminis of biological activity. Results are presented in Table 7 and in 
Figure 1. The highest fungicidal activity characterized compounds No 2a, 4a 
and 5b in Table 1. 
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Tab. 4. IR analysis of derivatives of the 2-aryl-3-methylbutanoic acids (1a-5b). 
[Apparatus: spectrophotometer Perkin Elmer model 1725X; KBr; v (сп')] 


[тїт IE Y EAD 3 LT ume RAYS tire DIDI nie — AOL 
| 1а | 3075, 3020 | 2964, 2870 1385,1370|1265,1150|1584,1486| | - | 
| 1581, 1485 | 


Ar = 

герое 
| 1b | 3075, 3020 | 2964, 2874 | 1726 | 1385, 1368 | 1264, 1147 | 1584, 1486]  - | 
| 1с | 3075, 3020 | 2964, 2974 | 1696 | 1383, 1370] -  [1584,14868| - | 
| 14 [3075,3020| 2964, 2974 | 1719 [1385,1367| - 2 1585, 1486]  - | 
| le | 3075, 3020 | 2964, 2874 | 1717 | 1385, 1367 | — - |1584, 1486 | 1584, 1486 | 
1581,1485| | - | 
| 2b |3075, 3021 | 2962, 2872 | 1720 | 1380, 1370 | 1275, 1078 | 1581, 1487| - | 
1685 | 1380, 1366 | — - | 1581, 1486 | 1581, 1486 | 
| 2d | 3075, 3021 | 2962, 2872 | 1697 [1385,1370|  - [1581,11486|]  - | 
| 2e | 3075, 3020 | 2962, 2872 | 1721 | 1380, 1365 | 1260, 1151 | 1581, 1484| — - | 
1265,1151[1580,1487|  - | 
1265, 1146 | 1580, 1487]  - | 
| Зс |3075, 3020 | 2964, 2874 |1720 | 1385, 1369 | 1260, 1151 | 1581,1486 | — - | 
| 3d_| 3071, 3022 | 2962, 2876 | 1697 |1383,1370| — - . [15801486  - | 
| Зе [3075,3020| 2964, 2874 | 1720 | 1385, 1367|  - — ]|1580,1486| | - | 
| зг | 3073, 3021 | 2963, 2875 |1716 |1385,1367| — -  |1581,1486|  - | 
| 4a |3075, 3018 | 2960, 2871 | 1718 | 1380, 1369 | 1240, 1140 | 1587, 1485 | 1587, 1485 | 
1721 | 1380, 1368 | 1260, 1151 | 1587, 1485 | - — | 
| 4c [ 3073, 3022 | 2961, 2872 |1725 | 1381, 1371 | 1252, 1147 | 1587, 1485] - — | 
Г 5a | 3075, 3018 | 2958, 2869 | 1725 | 1382, 1365 | 1275, 1079 | 1587, 1484]  - | 
| 5b [| 3075, 3020 | 2959, 2872 | 1719 1587, 1484 
1723 | 1382, 1373 | 1260, 1151 | 1587, 1485] - | 


Tab. 5. Spectroscopy of 'H-NMR of derivatives of the 2-aryl-3-ethylbutanoic acids 
(la-5b). [Apparatus: spectrophotometer TESLA BS 567 A, 100 MHz; (CDCl;; 
6 in ppm)]. 

а НС. СН; a а HC. 


CH b CH b 
X X R, 
Ў Ус У) б 
« c g d c 4 (Н) 
No | (CHCH | (CH;),CH | CHCH-CO | N-CH 0-CH, Ph-H 
Comp. (a) (b) (c) S-CH; (d) 


Sa es a Se LA 
1.0 d; PRADA 34 d; 
3J=6.7 Hz; 6H 3J=2.0 Hz; ІН 6H 


Sty 

Ач: E 

BEP PIE IPS: 
3J=6.7 Hz; 6H 3H 3J=2.0 Hz; ІН 4H 6H 
0.6-0.9 m; 1.2-1.9 m; 3.1 d; 3.9-4.2 m; яа OEC n 
15 12H 11H 3J=2.0 Hz; ІН 2H 4H 
ўся 3J=6.7 Hz; 6H 1H 3J=2.0 Hz; ІН 2H 


4.1-4.2 t; 7.1-7.5 т; 
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2 
0.9 d; 24-27 m; 3.1 d; 
3J=6.7 Hz; 6H 1H J=2.0 Hz; 1H 


эс а 
1.0 d; 2.4-2.7 m; 3.5 d; 
3J=6.7 Hz; 6H 1H 3J=2.0 Hz; ІН 


0.9 d; 2.4-2.7 m; 3rd 
3J=6.7 Hz; 6H 


0.9 d; 1.8-2.1 m; 34d; ра 
31:67 Hz; 6H 3J=2.0 Hz; ІН 


3J=2.0 Hz; ІН 


0.6-0.9 m; 3.6 d; 3.9-4.3 m; 


Ss 


1H 
1H 
3J=2.0 Hz; ІН 2H 
3J=6.7 Hz; 6H 3J=2.0 Hz; ІН 2H 
E 1.0 d; 2.4-2.8 m; 34d; di 
3J=6.7 Hz; 6H 1H 3J=2.0 Hz; ІН 
1.0 d; 1,8-2.7 m; 3.5 d; mm 3.7-4.2 m; 7.1-7.6 m; 
3J=6.7 Hz; 6H 3H 3J=2.0 Hz; ІН 4H 6H 
1.0 d; 2.4-2.8 m; 3.4 d; тҮ! 4.1-43 t; 6.8-7.5 m; 
3J=6.7 Hz; 6H 1H 3J=2.0 Hz; ІН 4H 8H 
0.6-0.9 m; 1.2-1.9 m; 32d; 3.9-43 m; 7.7-8.1 m; 
12H 11H 3J=2.0 Hz; ІН 4H 
0.9 d; 2.3-2.7 m; 3.0 d; 7.1-8.0 m; 
3J=6.7 Hz; 6H 1H 3J=2.0 Hz; ІН 8H 
1H 
1H 
1H 
1H 
1H 
7H 


4.1-4.3 t; 
4H 


3c 


r3 


Ww 
е с. 


=> 


3J=6.7 Hz; 6H 1H 3J=2.0 Hz; ІН 
3J=6.7 Hz; 6H 3J=2.0 Hz; ІН 2H 13H 


e 


3J=6.7 Hz; 6H 3J=2.0 Hz; ІН 4H 13H 
0d; 3.5 d; БЕГ 3.9; 6.9-7.5 п; 
3J=6.7 Hz; 6H 3J=2.0 Hz; ІН 2H 
1.0 d; 3.5 d; BE i 3.95; 1-7.4ш; 
3J=6.7 Hz; 6H 3J=2.0 Hz; ІН 
© | 3726.7 Hz; 6H 3J=2.0 Hz; ІН 2H 2H 


Tab. 6. Phytocidal activity of the derivatives of the 2-aryl-3-methylbutanoic acids in the 
screening test 


Bioindicator Compound No. 


Lolium perenne L 


o 
с. 


p 


2H 
2H 

0.9 d; 2.3-2.7 m; 3.0 d; 7.1-7.9 m; 
3J=6.7 Hz; 6H 3J=2.0 Hz; ІН 2H 
2H 


Avena sativa L 


Zea mays L 


Sinapis alba L 


Pisum sativum L 
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Phaseolus 
vulgaris L 


Cucumis sativus L т 


ГЕНЕ ЭЧЕП" 
Usitatissimum L 

Beta vulgaris L 

Fagopyrum 

esculentum Moench 


Application: * preemergency, “ postemergency 
Phytotoxicity: rating scale ranged from 0 to 4 (0 - no injury, 4 - complete death 
plant) [14]. 


Fig. 1. Fungicidal activity of the derivatives of 2-arylo-3-methylbutanoic acids for 
Erysiphe graminis as a bioindicator 
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Tab. 7. Insecticidal, acaricidal and fungicidal activity of the derivatives of 2-aryl-3- 
-methyl-butanoic acids 


Compound No. 


е СЗ Н EE i d 
[Tetranychus urticae™* — | >01 | >01 | >01 | >01 | »01 | >01 | »01 | 
: 


*Insecticidal activity — concentration (in ug/cm?) causing at least а 90% mortality of the 
bioindicator. 

**Acaricidal activity — a dose (in ug/cm^) causing at least a 90% mortality of the 
bioindicator. 

***Fungicidal activity — an in vitro test, concentration (in ре/ст”) causing at least a 
9046 mortality of the bioindicator. 

**** Fungicidal activity — an in vivo test (percentage of impact): 25-50 - medium, 
5-25 — good [14]. 


4. CONCLUSIONS 


22 new 2-aryl-3-methylbutanoic acid derivatives were obtained. Their 
chemical structure was confirmed and physico-chemical properties and 
biological activity were examined. To sum up, the obtained derivatives of aryl- 
-methylbutanoic acids are not insecticides or acaricides, but reveal medium 
herbicidal activity and high fungicidal activity against Erysiphe graminis as 
a bioindicator. 
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